The authors introduce a real-time model of acoustic prepulse inhibition (PPI) and facilitation (PPF) in animals and humans. The model incorporates excitatory and facilitatory pathways activated by the positive value of changes in noise level in the environment and an inhibitory pathway activated by the absolute value of changes in noise level. Whereas excitation and facilitation are exponential functions, inhibition is a linear function of the input noise expressed in decibels. The model describes many properties of PPI and PPF that include, among others, their dependency on prepulse intensity and duration, duration of the lead interval, and changes in background noise. The model also describes how specific brain lesions enhance the strength of the startle response and impair PPI. Finally, the model correctly predicts how PPI depends on pulse intensity.
Basic Concepts
In most acoustic PPI studies, two different methods are used to deliver sounds (generally white noise) to the subjects. One method uses only one source in which the background noise, usually expressed in decibels, varies to reach the levels adopted for the prepulse and pulse values (e.g., Swerdlow et al., 2002) . We refer to this input noise as D 0 , which is defined by D 0 ϭ 20 log P 0 2.10 Ϫ5 ͑dB SPL͒,
where P 0 is the pressure generated by the source in pascal units (1 Pa ϭ 1 N/m 2 ), and 2.10 Ϫ5 Pa is the reference pressure, which is near the threshold of hearing in humans for a 1-kHz sine-wave tone (Raichel, 2000, p. 48) .
Another method consists in having independent sources, A and B, one for the background noise, and another one for the prepulse and the pulse (e.g., Hoffman & Searle, 1968) . In this case, the total sound pressure amplitude is calculated after converting the decibel values D A and D B into pascals, using P A ϭ 2.10 Ϫ5 10 DA/ 20 ͑Pa͒
and P B ϭ 2.10 Ϫ5 10 DB/ 20 ͑Pa͒
combining them according to
In Equation 4, P 0 is the total sound pressure, and P A and P B are the pressures of each sound source, expressed in pascals (see Raichel, 2000, p. 50) . Equation 1 is used to obtain the total sound pressure P 0 in decibels, D 0 .
For instance, if a 50-dB sound source is combined with an 80-dB sound source, the pressure amplitude of the combination is given by P A ϭ 2.10 Ϫ5 10 ͑50 dB͒/ 20 ͑Pa͒ ϭ 6.32 10 Ϫ3 Pa
and P B ϭ 2.10 Ϫ5 10 ͑80 dB͒/ 20 ͑Pa͒ ϭ 0.2 Pa,
which results in P 0 ϭ ͱ͑6.32 10 Ϫ3 ͒ 2 ϩ ͑0.2͒ 2 ͑Pa͒ ϭ 0.2001 Pa.
The total input noise in decibels is obtained by applying Equation 1, D 0 ϭ 20 log .2001 2.10 Ϫ5 ϭ 80.004 dB.
Most experiments introduced in this article were conducted in noiseinsulated chambers in which a background noise was continually present. When experiments were conducted using rats in an anechoic chamber (Hoffman & Searle, 1968) , where the ambient noise level was 25 dB below human threshold, we assumed that D 0 is 30 dB. This is justified by Syka and Rybalko's (2000) data showing that the average auditory threshold in rats ranges from 5 to 40 dB between 0.1 and 100 kHz.
A Neural Network Model of Prepulse Inhibition
The complete model is presented in Figure 2 . It shows (a) an excitatory pathway with output E 4 activated by the positive values of the changes in an exponential function of the input noise, (b) a facilitatory pathway with output E 6 activated by the same positive values, and (c) an inhibitory pathway with output L 5 activated by the absolute values of changes in a linear function of the input noise.
Excitatory and Facilitatory Pathways Activity in the first stage of the excitatory and facilitatory pathways, E 1 , is an exponential function of the input sound level in decibels (D 0 ).
Because Hoffman and Searle's (1968) data show weak responses for small values of input intensity expressed in decibels, followed by a rapid increase in responding for large inputs (see Figure 4 , upper panels), we assume that activity in the excitatory and facilitatory pathways initially follows an exponential function of the input sound level in decibels:
Ϫ5 10 D0/ 20 .
Although Equations 2, 3, and 9 are similar, note that whereas P A and P B (see Equations 2 and 3) refer to sound pressures in the environment expressed in pascals, E 1 (see Equation 9) refers to a conceptual neural activity, stated in arbitrary dimensionless units.
As shown in the lower inset in Figure 2 , changes in activity in the first stage of the excitatory and facilitatory pathways, E 1 , produced by a given decibel change in the input, D 0 , are different at different sound intensities. As illustrated in the figure, the variation in E 1 produced by a change in D 0 from 80 dB to 100 dB is much smaller than that produced by a change in D 0 from 100 dB to 120 dB.
The range of activity in the second stage is bounded between 0 and a maximum value. Because activity E 1 ranges from 10 Ϫ5 to 20 when D 0 varies between 30 dB and 120 dB, we limit the range of activity in the following stage by assuming that it is activated through the following function
where k 1 ϭ 2, and ␤ 0 ϭ 20. By Equation 10, activity E 2 is small for sound levels lower than 90 dB, increasing rapidly to its maximum value afterward.
Output activity of the second stage of the excitatory and facilitatory pathways, E 4 , increases with the positive value of changes in E 2 . Activity E 4 is computed as the positive value of the difference between E 2 and its running average, given by
where k 2 ϭ .02. E 3 is used to compute changes in noise intensity, E 4 , which is defined as the positive value of the difference between input E 2 and E 3 . Figure 1 . Prepulse inhibition. Top: A pulse (P) generates a startle response (SЈ). Bottom: A prepulse (PP) above background level preceding P with a given lead interval decreases the magnitude of SЈ. The lead interval is measured between the onsets of the prepulse and pulse. where |E 2 -E 3 | ϩ indicates that E 4 takes the value of the difference (E 2 -E 3 ) when E 2 is greater than E 3 , and zero otherwise.
This assumption does not imply that the model predicts that positive pulses (that activate E 4 at their onset) and negative pulses (that activate E 4 at their offset) have similar effects. Experimental data show that the startle response is elicited by increments, but not decrements (or gaps), in the background noise (T. D. Blumenthal, personal communication, 2005) .
Computer simulations with the model show that whereas a 35-dB increment on an 85-dB background (a 120-dB pulse) generates a strong response, a decrement of 35 dB on the 85-dB background (a 50-dB gap) generates a negligible response (less than 4% of the strong one). This is because E 1 is an exponential function of the input noise in decibels (see Figure 2 , lower inset). Therefore, the magnitude of the change in E 1 is much greater when the input sound increases from 85 dB to 120 dB (at the onset of the pulse) than when it increases from 50 dB back to 85 dB (at the offset of the gap). If E 1 were a linear function of the input sound expressed in decibels, both noise changes would result in identical values of E 4 . Because E 4 controls the generation of the startle response (see Equation 20), the model would wrongly predict responses of the same strength at the onset of the pulse and the offset of the gap.
Facilitation of the startle, E 6 , is controlled by a fast changing function of the positive change in E 4 . Plappert et al.'s (2004) data (see Figure 5 , top panel) show facilitation of the startle for short lead intervals using prepulses above background level. In contrast, Stitt et al.'s (1973) data show no facilitation in the case of prepulses consisting of decrements in the level of background noise that last until the presentation of the startle stimulus. The startle response decreases for short intervals (see Figure 6 , upper panel). Therefore, we assume that facilitation, E 6 , is computed using the positive value of changes in noise intensity, E 4 . Under this assumption, facilitation is a function of the lead interval only of above-background prepulses.
Activity E 4 is modified by the following function: Figure 2 . Computation of the startle response. Input noise (D 0 ), expressed in decibels, produced by prepulses or pulses on a background noise, activates two main paths: one through a linear function (L 1 , upper path and inset) and the other through an exponential function (E 1 , lower paths and inset). Whereas absolute changes in L 1 inhibit SЈ, positive changes in E 1 excite and facilitate the startle response SЈ. L 3 ϭ absolute value of changes in L 1 ; L 5 ϭ inhibitory signal; E 6 ϭ facilitatory signal; E 4 ϭ excitatory signal; SЈ ϭ startle.
where k 3 ϭ .5, ␤ 1 ϭ .0001, and m ϭ 4. The value of ␤ 1 is small enough to let a weak prepulse activate the facilitation term, E 5 . Changes in facilitation E 6 are given by
where k 4 ϭ .02 if E 5 Ͼ E 6 and k 4 ϭ .08 otherwise. The values of k 4 , which determine the amount of facilitation at different lead intervals, were established using Plappert et al.'s (2004) data shown in the upper panel of Figure 5 . Notice that, in the case of a 45-dB prepulse, facilitation of the startle is limited to intervals shorter than 37.5 ms.
Inhibition
Activity in the first stage of the inhibitory pathway, L 1 , is a linear function of the input sound level in decibels. Hoffman and Searle (1968) showed that a 50-dB prepulse partially inhibits the startle to a 140-dB pulse in a silent background. As shown in the upper left panel in Figure 4 , the response to the 140-dB pulse preceded by a 50-dB prepulse is smaller than the response to the 140-dB (pre)pulse. They also showed that a 110-dB prepulse almost completely inhibits the startle to the 140-dB pulse. Under the assumption that inhibition is proportional to changes in an exponential function of the input noise expressed in decibels, like in the case of E 1 used to control excitation and facilitation, the model cannot describe the Hoffman and Searle data. In this instance, the model incorrectly shows that when the 110-dB prepulse inhibits the startle response, the 50-dB prepulse does not produce inhibition. This is because changes in E 1 , produced by the presentation of the 50-dB prepulse in a 30-dB background, are much smaller (⌬E 1 ϭ .006) than those produced by the 110-dB prepulse (⌬E 1 ϭ 6.324) and insufficient to inhibit the response to the 140-dB pulse. Instead, under the assumption that inhibition is proportional to changes in a linear function L 1 , the model correctly describes these results because the changes are comparable (⌬L 1 ϭ 20 for 50 dB and ⌬L 1 ϭ 80 for 110 dB).
Therefore, we assume that activity L 1 in the first stage of the inhibitory pathway is a linear function of the input noise expressed in decibels,
Notice that whereas D 0 refers to the overall sound pressure in the environment expressed in decibels, L 1 refers to a neural activity that, as explained earlier, is stated in arbitrary dimensionless units.
Also, in contrast to the excitatory and facilitatory pathways, changes in activity in the first stage of the inhibitory pathway, L 1 , produced by a given decibel change in the input, D 0 , are equal at all noise levels (see the upper inset in Figure 2 ). As shown in the figure, the variation in L 1 produced by a change in D 0 from 80 to 100 dB is identical to that produced by a change in D 0 from 100 to 120 dB. In general, equal decibel increments and decrements in the input D 0 result in identical changes in L 1 at all noise levels.
Activity in the second stage of the inhibitory pathway, L 3 , increases with the absolute value of changes in L 1 . Because both increments (e.g., Hoffman & Searle, 1968) and decrements (Stitt et al., 1973) in noise intensity produce PPI, we assume that inhibition is controlled by changes in L 1 . This is in contrast to the case of the activation of the startle, in which changes in E 1 yield much stronger responses for increments than for identical decrements in D 0 (see the Activity in the first stage of the excitatory and facilitatory pathways, E 1 , is an exponential function of the input sound level in decibels (D 0 ) section). Stitt et al.'s (1973;  see Figure 6 ) data show that inhibition is a function of the interval between the onset of the decrement in noise level and the pulse (the interval between the offset and pulse remains constant). Therefore, we assume that inhibition is controlled by the absolute value of the change in L 1 :
where L 2 is the running average of L 1 , given by
in which k 5 ϭ .02. Notice that the difference L 1 -L 2 is positive at the onset, and negative at the offset, of increments in noise levels. In contrast, L 3 is positive at both the onset and offset of increment (and decrements) in noise levels.
L 3 is modified with the function
where ␤ 2 ϭ 100. 
where k 7 ϭ .01 when L 4 Ͼ L 5 and k 7 ϭ .001 otherwise. The values of k 7 , which determine the amount of inhibition at different lead intervals, were established using Plappert et al.'s (2004) data shown in the upper panel of Figure 5 . Notice that inhibition is present for intervals longer than 37.5 ms, reaches its maximum at around 100 ms, and decreases afterward.
Notice that because the value adopted for k 5 is small (.02; see the Activity in the second stage of the inhibitory pathway, L 3 , increases with the absolute value of changes in L 1 section), L 3 is proportional to both the change and the steady sustained value of noise intensity. Consequently, the model describes PPI as proportional to both transient and sustained features of the prepulse, a property in agreement with Reilly and Hammond's (2001) report that both factors contribute to the total amount of inhibition in the human blink reflex. However, in the section on PPI's increasing with prepulse duration (see Figure 8) , it is shown that the contribution of the transient feature is greater than that of the sustained one.
Startle increases with the excitatory, E 4 , and facilitatory, E 6 , signals and decreases with the inhibitory signal, L 5 . Changes in the value of the startle, S, are given by
where k 8 ϭ 3, k 9 ϭ 4, k 10 ϭ .2, and p ϭ .25. The output of the startle system is calculated as
where ␤ 4 ϭ 5, and q ϭ 4. This equation sets the threshold and the maximum value of the startle response. Figure 3 presents the values of activation E 4 , inhibition, L 5 , and facilitation, E 6 , when the pulse is presented alone (top panel) or preceded by a prepulse that consists of (a) an increment in noise level (middle panel) or (b) a decrement in noise level (bottom panel). The figure shows (a) the noise input expressed in decibels, D 0 ; (b) the positive value of the differences in an exponential function of the input noise, E 4 , showing a small increment when the above-background prepulse is presented and a large increment when the pulse is presented; (c) inhibition, L 5 , which increases with the onset and offset of the prepulse and pulse; (d) facilitation, E 6 , which increases with the onsets of the above-background prepulse and pulse; and (e) the startle response, SЈ.
It is clear that startle SЈ is smaller when either a small increment (middle panel), or a small decrement (bottom panel), in noise level precedes the pulse. Of importance, all panels show that inhibition L 5 increases at the time of the pulse presentation, that is, the pulse inhibits itself. Notice that, because k 7 (which controls changes in L 5 by Equation 19) is always smaller than k 4 (which controls changes in E 6 by Equation 14), inhibition L 5 grows and decays much slower than facilitation E 6 . Also notice that, when the prepulse is an increment in noise level (middle panel), both the prepulse and the pulse facilitate themselves. Instead, when the prepulse is a decrement in noise level (bottom panel), facilitation E 6 produced by the pulse onset is constant independent of the lead interval.
It is important to point out that (a) the number of equations can be reduced by combining them (e.g., Equations 18 and 19 can be merged into one) and (b) the number of parameters in the equations is the minimum needed to account for the experimental data used in developing the model.
Measurement of Startle Response
When experimental data are expressed in terms of the peak value, we report the maximum startle response generated by the model. When data are expressed as the integral of the startle response from the onset of the pulse for certain variable amounts of time, we used the following expression to calculate the corresponding simulated response: 
Computer Simulations
In our simulations, we specified the intensity of the background noise, the intensity and duration of the prepulse and pulse, the lead interval, and the duration of the intertrial interval. As in the equipment used in the experiment, intensities were specified in decibels. The same constants were used in all simulated cases. In the simulations, 1 ms is represented by 1 time unit.
The model generates the magnitude of the startle response at different simulated time units. This output is expressed in arbitrary units. For all simulations, the output was calculated in the same way as it was calculated in the experiment being analyzed (e.g., comparing the maximum and the minimum value of the response, or integrating the amplitude over a given amount of time). When the data were expressed as percent PPI (see Figures 5, 7, 12 , and 15), we calculated a simulated PPI. When the data were not expressed as percentage of PPI (see Figures 4, 6, 8, 9, 10, 11, and 13) , we normalized the model output to the maximum response value for that experiment.
We compare simulated and experimental results qualitatively and quantitatively using Pearson product-moment correlation statistics (McCall, 1980) . Numerical integration of the differential equations was performed using a fourth-order Runge-Kutta method (Press, Teukolsky, Vetterling, & Flannery, 1992, p. 704) .
Results
This section applies the model to (a) the experiments used to derive the model, (b) related experiments, (c) other data that illustrate further properties of PPI, and (d) the generation of novel predictions.
Experiments Used to Derive the Model
Because the model is based on the experimental results of Hoffman and Searle (1968) , Plappert et al. (1999) , and Stitt et al. (1973) , we first verified that it was able to correctly describe those results. Real-time value of the variables that control the startle response. P ϭ pulse; PP ϭ prepulse; D 0 ϭ input noise in decibels; E 4 ϭ excitation; L 5 ϭ inhibition; E 6 ϭ facilitation; SЈ ϭ startle response. Top: The pulse is presented alone. Middle: The prepulse is an increment in noise level. Bottom: The prepulse is a decrement in the background noise level with offset coinciding with onset of the pulse.
Responding as a Decreasing Function of Prepulse Intensity and Increasing Function of Background Intensity
Experimental data. Hoffman and Searle (1968, Experiment 6) recorded the responses of rats to a startle stimulus as a function of prepulse intensity, as well as their responses to the prepulse stimuli. Their experiments were performed in an anechoic chamber with 80-or 0-dB broadband background noise. The 140-dB startling pulse was preceded by a prepulse randomly assigned to one of seven possible intensity levels (50, 65, 80, 95, 110, 125, or 140 dB) . Because the intensity of some prepulses (110, 125, and 140 dB) is comparable to that of regular pulses, this is paired pulse inhibition rather than prepulse inhibition. Both pulse and prepulse consisted of broadband random noise, and the lead interval used was 100 ms. In all cases, the prepulses and pulses had a rise and decay time of 2.5 ms and a duration of 20 ms. Every rat was presented 10 times with each prepulse level. Response amplitude was measured as the difference between the maximum pen deflection of the recording apparatus and its baseline value.
As shown in Figure 4 , Hoffman and Searle (1968) found that with both no background noise (upper left panel) and an 80-dB background noise (upper right panel), prepulses with low intensities (50, 65, and 80 dB) could inhibit the startle response to some degree, even when they were not salient enough to elicit startle responses. For greater prepulse intensities, both inhibition of the startle response and prepulse startle responses increased. Figure 4 also shows that responding increases with increasing background noise intensity. Hoffman and Searle's (1968) results are consistent with other reports coming from that lab. For example, Hoffman and Wible (1969) reported that the startle response was facilitated by a steady background noise, and Hoffman and Fleshler (1963) found that a background of steady noise facilitated the startle, but a background of pulsed noise produced inhibition. Computer simulations not shown here demonstrate that our model correctly addresses these results. According to the model, pulsed noise produces inhibition because its changes activate the inhibitory signal L 5 .
Simulated results. The lower panels of Figure 4 show computer simulations for the Hoffman and Searle (1968) experiment. In the simulations, we assumed background intensities of 30 dB (representing the silent background) and 80 dB; prepulse intensities of 50, 65, 80, 95, 110, 125 , and 140 dB; prepulse duration of 20 ms; a lead interval of 100 ms; a pulse intensity of 140 dB; and a pulse duration 20 ms. As in the data, simulations show that (a) increasing the intensity of the background noise increased the amplitude of the startle response and (b) increasing the intensity of the prepulse decreases the amplitude of the startle. Correlations between experimental data and simulations are significant for both the 0-dB, r(12) ϭ .96, p Ͻ .05, and the 80-dB, r(12) ϭ .96, p Ͻ .05, background noise.
These simulated results are explained in the following terms. In the case of the 125-and 140-dB prepulses, which in terms of their intensities can be regarded as pulses, responding is stronger in the 80-dB than in the silent background (assumed to be 30 dB in the simulations). This is the consequence of assuming that (a) the excitatory signal, E 4 , is proportional to the positive value of the difference between exponential functions of the background noise and pulse intensity and (b) the inhibitory signal, L 5 , is proportional to the difference between the linear functions of the background noise and pulse intensity (as shown in the top panel of Figure 3 , pulses inhibit themselves). Whereas the excitatory signal is mostly determined by the value of the exponential function of the sound level of the pulse, and therefore is similar in both backgrounds, the inhibitory signal is smaller in the louder background. In the case of the 140-dB prepulse in the 80-dB background, E 4 ϭ 1.76 and L 5 ϭ .08, and in the case of the same 140-dB prepulse in the silent background, E 4 ϭ 1.78 and L 5 ϭ .12. Therefore, because in the low-background case excitation is similar to, but inhibition is 1.5 times greater than, that in the 80-dB background, startle responses are smaller (see the open bars for 140-dB prepulses in Figure 4 ) in the former condition.
Notice that Figure 4 shows that, according to the model, there is no responding to prepulses weaker than 80 dB in the 80-dB background, a phenomenon known as masking. Pulses of 50 and 65 dB combined with the 80-dB background noise result, respectively, in 80.004-and 80.135-dB sounds. Because the resulting sounds are less than 1 dB (one just noticeable difference) louder than the background, 50-and 65-dB sounds are masked in the 80-dB background (see Berg & Stork, 1982, p. 153) . In contrast, an 80-dB sound combined with the 80-dB background results in an 83.01-dB sound, which exceeds the 1-dB difference threshold, and subjects are able to respond to the added noise.
In the case of pulses preceded by a prepulse, the startle response is also stronger in the 80-dB background. For example, in Figure 4 , the inhibition due to the 65-dB prepulse can be quantified by the difference between the startle amplitude to a 140-dB (pre)pulse (open bar for 140-dB prepulse intensity) and to a 140-dB pulse preceded by a 65-dB prepulse (solid bar for 65-dB prepulse intensity). It is clear that, both in the data and the simulated results, this difference is significant in the silent background (left panels) but nil in the 80-dB condition (right panels). Because in this experiment independent sources are used to generate the prepulse and the background noise, the overall sound pressure when the prepulse is presented is given by the sum of the prepulse and background pressures expressed in pascals (see Equation 4). Therefore, presentation of the 65-dB prepulse in the silent (30-dB) background will produce a 35.0014-dB (65.0014 -30 dB) change, whereas in the 80-dB background noise, presentation of the 65-dB prepulse yields a 0.135 dB (80.135 dB -80 dB) change. Because we assumed that inhibition is proportional to linear changes in sound intensity measured in decibels, inhibition due to the prepulse is large in the silent background, whereas it is negligible in the 80-dB case.
PPI and PPF Depend on the Duration of the Lead Interval
Experimental data. The effect of prepulse lead interval on the acoustic startle response and its interaction with prepulse intensity was studied by Plappert et al. (2004) in mice. In their experiments, mice were placed in a sound-attenuating chamber equipped with an accelerometer on its base that provided electrical signals when mice were acoustically stimulated. Prepulses of four different intensities (35, 45, 55 , and 65 dB) were superimposed on a constant background of 33 dB (representing total intensities of 37.12, 45.27, 55.03, and 65 dB, respectively), and preceded the presentation of a broadband 110-dB pulse. The prepulse and pulse durations were 20 ms, and the lead intervals used were 6.25, 12, 25, 37.5, 100, 200, and 400 ms. In the cases in which the lead interval was shorter than the prepulse duration, the prepulse was abruptly interrupted upon the beginning of the startle stimulus. Otherwise, rise and decay times of prepulses were 0.4 ms, and 0 ms for pulses. Each prepulse intensity and lead interval combination was presented to the mice six times a day, for 6 days. Response amplitude was calculated as the difference between the peak voltage occurring during the 50-ms time window after startle stimulus onset and the peak voltage occurring in the 50-ms time window before the startle stimulus presentation. As shown in the upper panel of Figure 5 , Plappert et al. found facilitation of the startle response for lead intervals below 37.5 ms and inhibition for greater intervals. The prepulse inhibition effect was greatest for lead intervals between 50 and 100 ms and decreased when the prepulse intensity was decreased.
Reijmers and Peeters (1994a) also analyzed the prepulse effect on startle response for different lead intervals and prepulse intensities. In their experiments, rats were placed in an acoustic startle chamber with a constant background noise of 79 dB. Startling stimuli (119 dB, 25-ms, broadband noise) were presented either alone or preceded by a 3-ms broadband prepulse, with three different intensity levels (81, 83, and 85 dB). The prepulse and pulse onsets were separated by 3, 4, 6, 8, 13, 28, 53 , or 103 ms, and every rat was presented with each lead interval configuration 12 times. Startle amplitude was measured as the average of two hundred 1-ms readings recorded after stimulus onset. Reijmers and Peeters's (1994a) results show a significant increase in startle responses for short lead intervals (3 ms; 81 and 83 dB) and for the smallest prepulse intensity (81 dB; between 3 and 13 ms). As the lead intervals were increased, facilitation of the startle response decreased, eventually becoming an inhibition that peaked around 53 ms. The greatest prepulse intensity tested (85 dB) did not elicit significant facilitation for any lead interval.
Simulated results. The lower panel of Figure 5 shows the computer simulations for the Plappert et al. (1999) experiment. In the simulations, we assumed background intensity noise of 33 dB; prepulse intensities of 35, 45, 55, and 65 dB; prepulse duration of 20 ms; lead intervals of 6, 12, 25, 38, 50, 100, 200 , and 400 ms; a pulse intensity of 110 dB; and a pulse duration 20 ms. The correlation between data and simulations was significant, r(30) ϭ .84, p Ͻ .05.
In addition, we carried out simulations for the Reijmers and Peeters (1994b) experiment (not shown). In the simulations, we assumed a background intensity noise of 79 dB; prepulse intensities of 81, 83, and 85 dB; prepulse duration of 3 ms; lead intervals of 3, 4, 5, 6, and 8 ms; a pulse intensity of 119 dB; and a pulse duration 25 ms. Because the model was designed based on Hoffman and Searle's (1968) data, which is not consistent with Reijmers and Peeters's (1994b) results, it is not surprising that the values of experimental and simulated PPI values are different. However, the shape of the experimental and simulated curves is similar. Furthermore, the correlation between data and simulations was significant, r(22) ϭ .82, p Ͻ .05. As in the experimental data, the 81-dB prepulse produces mostly facilitation, and the 83-and 85-dB prepulses mostly inhibition. The peak of inhibition is between 50 and 100 ms, and the transition from facilitation to inhibition occurs at around 25 ms.
PPI Can Be Produced by a Decrease in the Background Noise
Experimental data 1. Stitt et al. (1973) varied the interval between the offset of a continuous background noise and the onset of the startling stimulus (see Figure 3 , bottom panel) and measured the startle of rats. Responses were measured by the currents induced in a coil that surrounded a magnet attached to a chamber, located in an isolated room in which the ambient noise level was less than 30 dB. Rats were placed in the chamber and exposed to a 70-dB background noise that was suddenly terminated (with a decay time of 0.1 ms) after an acclimation period. A startling stimulus of 125 dB and 20 ms was presented following a randomly assigned delay of 0, 1, 4, 16, 64, 250, 1,000, 4,000 or 30,000 ms after the background offset. Each rat in the experiment was exposed to 10 presentations of each of the nine possible interval configurations. Response amplitude was measured as the mean pen deflection of the recording apparatus (a milliammeter).
As shown in the upper panel of Figure 6 , Stitt et al. (1973) found that when the interval between the background offset and the startle stimulus onset (off time or lead interval) was longer than 4 ms, the rats' responses were smaller than the responses obtained when the startling stimulus was presented in a continuous background condition (no gap in the background noise was present). When the off-time interval was increased, the rats' responses decreased, reaching a maximum inhibition at around 250 ms. Further increases in the off-time interval beyond 250 ms (up to 30 s) showed an increase in response that tended to a level lower than the response to a continuous-background presentation of the startling stimulus.
Simulated results 1. The lower panel of Figure 6 shows computer simulations for the Stitt et al. (1973) experiment. In the simulations, we assumed a background noise intensity of 70 dB; prepulse intensity of 30 dB; off-time durations of 0, 1, 4, 16, 64, 250, 1,000, and 4,000 ms and the same values for the lead intervals; a pulse intensity of 125 dB; and a pulse duration of 20 ms. Because the decrement in the background noise lasts until the presentation of the startle stimulus, facilitation E 6 is present at the offset of the prepulse and overlaps with the onset of the pulse (see Figure 3 , bottom panel). Notice that the small ␤ 1 value used in Equation 13 will make E 5 independent of the magnitude of that decrement. Therefore, facilitation remains constant regardless of the off-time interval. As the off-time or lead interval increases, the inhibition generated by the change in noise level produced at the onset of the noise decrement increases, and startle decreases. When the off-time interval exceeds 250 ms, inhibition decreases. However, responding never goes back to its initial level because, in a relatively low (30-dB) background noise, inhibition of the pulse is larger than in the relatively high (70-dB) background noise that precedes the off-time interval. Experimental data and simulations are qualitatively similar, and their correlation was significant, r(6) ϭ .98, p Ͻ .05.
Experimental results 2. In a related experiment, Ison et al. (1998) described the acoustic startle response in mice when the background noise level was suddenly decreased prior to the presentation of the startle stimulus. In their experiment, mice were placed in an anechoic chamber, with its platform mounted on an accelerometer that reflected the mice's responses to acoustic stimulation. Mice were exposed to a 70-dB background noise that decreased suddenly before the onset of the startle stimulus (115 dB, duration 20 ms) with seven different intervals (1, 2, 4, 6, 8, 10, or 15 ms). The background level decrement was 40, 30, 20, or 10 dB (leading to background intensities of 30, 40, 50, and 60 dB, respectively). Each one of the 4 test days consisted of only one background decrement, where all gap conditions were presented 11 times. Response amplitude was obtained by integrating the accelerometer output signal over a 100-ms interval, starting at the startle stimulus onset.
As shown in Figure 7 (upper panel), Ison et al. (1998) reported inhibition of the startle response for all the different conditions. Increasing the time gap between the decrease in background intensity and the startling stimulus onset between 1 and 15 ms resulted in an increase in inhibition of startle response. Decreasing the background level to lower intensities increased inhibition.
Simulated results 2. The lower panel of Figure 7 shows computer simulations for the Ison et al. (1998) experiment. In the simulations, we assumed a background intensity noise of 70 dB; prepulse intensities of 60, 50, 40, and 30 dB; off-time durations of 0, 1, 2, 3, 6, 8, 10, and 15 ms and the same values for the lead intervals; a pulse intensity of 115 dB; and a pulse duration 20 ms. Experimental and simulated curves look qualitatively similar, and the correlation between data and simulations was significant, r(26) ϭ .96, p Ͻ .05.
Experiments Used to Verify the Accuracy of the Model
In the previous section we describe confirming that our model was capable of describing the experimental results from which it was derived (Hoffman & Searle, 1968; Plappert et al., 1999; Stitt et al., 1973) and related experiments (Ison et al., 1998; Reijmers & Peeters, 1994b) . In this section we present verification that the model is able to describe, without any changes, other experimental results (Blumenthal, 1995; Swerdlow et al., 2002) .
PPI Increases with Prepulse Duration
Experimental data. Blumenthal (1995) reported the effects of prepulse duration on the startle-response amplitude for different prepulse intensities. In his experiments, 13 college students (4 men, mean age ϭ 19 years 3 months) were presented with an 85-dB broadband noise, preceded either by no prepulse (control condition) or by a 40-, 50-, or 60-dB prepulse. Participants' responses to stimuli were obtained by measuring electromyography activity of the muscle below the left eye. The startle stimulus duration was 50 ms, and the prepulse durations were 6, 20, 50, and 100 ms. The lead interval in all cases was 150 ms, and both stimuli had a rise and decay time of 0.1 ms. Every participant was presented six times with all possible stimulus configurations. Response amplitude was calculated as the difference between the peak electromyography level occurring between 20 and 150 ms after stimulus onset and the level measured at stimulus onset.
As shown in Figure 8 (upper panel), prepulse presentations inhibited the startle response under all the conditions tested. The inhibition increased when the prepulse duration was changed from 6 to 20 ms, but further increases in duration had a small effect on PPI (although increasing duration from 20 to 100 ms resulted in a greater response probability inhibition). Prepulse inhibition also increased with larger prepulse intensities.
Similar results to those shown by Blumenthal (1995) were reported by Harbin and Berg (1983) . and 120 -ms gaps in a continuous 70-dB, 1000-Hz tone as prepulses; a 120-ms interval between gap offset and pulse onset; and an air puff instead of a sound pulse. The ambient sound level was 35 dB, and the intertrial intervals averaged 30 s. They reported that in both young and older participants, eyeblink inhibition increased as gap duration increased from 10 to 80 ms. However, the 120-ms gap produced the most inhibition in the older participants; inhibition slightly decreased in young participants between the 80-and 120-ms gaps.
Simulated results. The lower panel of Figure 8 shows computer simulations for Blumenthal's (1995) experiment. In the simulations, we assumed a background intensity noise of 30 dB; prepulse intensities of 40, 50, and 60 dB; prepulse durations of 6, 20, 50, and 100 ms; a lead interval of 150 ms; a pulse intensity of 85 dB; and a pulse duration 50 ms. Like the data, simulations show that inhibition of the startle amplitude tends to an asymptotic value with increasing prepulse durations. This is the result of the inhibition's being proportional to the values of L 3 and L 4 , which increase with the duration of the pulse. The correlation between data and simulations was significant, r(10) ϭ .83, p Ͻ .05.
We also conducted simulations for the Harbin and Berg (1983) experiment. Because our model was designed to describe acoustic startle and Harbin and Berg used an air puff instead of a sound pulse as the startle stimulus, we assumed that the response was controlled by the noise produced by the air puff (see Flaten & Blumenthal, 1998) . We represented the noise with an 80-dB sound that lasted 250 ms, with a 65-dB ambient sound level. Computer simulations (not shown here) showed that the model matched the inhibition shown by the older participants for gap durations ranging from 10 to 120 ms in a 70-dB tone.
A Prepulse Does Not Inhibit the Inhibitory Power of a Pulse
Experimental data. Swerdlow et al. (2002) analyzed the effects of preexposing a startling stimulus with either a weak prepulse (PPI), a strong pulse (paired pulse inhibition), or both a weak and a strong pulse. The rats' startle activity was measured by fixing an accelerometer below the frame of the sound-attenuating chamber. Paired pulse inhibition experiments were performed in a 70-dB white noise background. Rats received 18 pulse pairings, each one with one of three possible lead intervals (1040, 2040, or 3040 ms) . Both pulses in the pairing had an amplitude of 120 dB and a duration of 40 ms.
After an adjustment period to the 70-dB white noise background, rats were presented with (a) pairings of startling stimuli (stimuli duration ϭ 40 ms; salience ϭ 120 dB; lead interval ϭ 1,040 or 3,040 ms); (b) pairings of startling stimuli preceded by a weak prepulse (prepulse duration ϭ 20 ms; salience ϭ 85 dB; lead interval ϭ 100 ms); and (c) a startling stimulus (duration ϭ 40 ms; salience ϭ 120 dB) preceded by a weak prepulse (duration ϭ 20 ms; salience ϭ 85 dB) with a varying lead interval of 1,140 or 3,140 ms. Each trial type in this test session was repeated six times. Startle amplitude was measured as the average of one hundred 1-ms readings recorded after stimulus onset.
As shown in Figure 9 (upper panel), the startle responses to the second pulse were lower than the response to the first pulse (S1), for the three S1-S2 intervals tested (1, 2, and 3 s). These results also showed that paired pulse inhibition decreased as the interval between stimuli increased. Figure 10 (top panel) shows (a) S1, the response to a 120-dB startle stimulus, S1; (b) S1-S2, the response to a second 120-dB stimulus S2 when it follows S1 after 1-and 3-s intervals; (c) s-S1-S2, the response to S2 when S1 follows an 85-dB prepulse (s) by 100 ms; and (d) s-S1, the response to S1 when it follows prepulse s by 100, 1,140, and 3,140 ms. The figure demonstrates that the prepulse s, despite being able to inhibit startle responses to S1 (Panel s-S1), did not inhibit the ability of S1 inhibit the startle response to S2; compare Panel S1-S2 with Panel s-S1-S2.
Simulated results. The lower panel of Figure 9 shows computer simulations for Swerdlow et al.'s (2002) paired-pulse inhibition experiments. In the simulations, we assumed a background intensity noise of 70 dB; pulse intensities of 120 dB; pulse durations of 40 ms; and lead intervals of 1,040, 2,040, and 3,040 ms. The correlation between data and simulations was significant, r(2) ϭ .96, p Ͻ .05.
The lower panel of Figure 10 shows computer simulations for Swerdlow et al.'s (2002) paired-pulse inhibition experiments and prepulse inhibition. In the simulations, we assumed a background intensity noise of 70 dB; prepulse intensity of 85 dB; prepulse duration of 20 ms; lead interval of 100, 1,140, and 3,140 ms; pulse intensities of 120 dB; pulse durations of 40 ms; and interval between pulses of 1,040 and 3,040 ms. The correlation between data and simulations was significant, r(6) ϭ .91, p Ͻ .05. Our model agrees with Swerdlow et al.'s (2002, p. 678) view that PPI and paired-pulse inhibition, which are highly correlated within subjects, have common underlying (neural) mechanisms as depicted in Figure 2 . In the model, s does not inhibit the ability of S1 to inhibit the startle to S2 because excitatory (E 4 ) and inhibitory (L 5 ) activities are independent. Although s inhibits the excitatory activity produced by S1 (PPI), it does not affect the S1 activation of the inhibitory pathway that reduces responding to S2 (pairedpulse inhibition).
Predictions of the Model
We applied the model to generate predictions of PPI to pulses of different intensities (100, 110, and 120 dB), in the presence of prepulses of different intensities (6, 12, and 18 dB), over a 65-dB background noise. Prepulse duration was 20 ms, pulse duration was 40 ms, and the lead interval was 100 ms. Experimental results obtained in mice confirmed the model prediction (Yee, Chang, Pietropaolo, & Feldon, 2005) .
As illustrated in Figure 11 , both experimental data and simulated results show that responding increases with increasing pulse intensities and decreases with increasing prepulse intensities, r(10) ϭ .99, p Ͻ .05. Of interest, similar results with two instead of three pulse intensities were recently reported by Blumenthal, Elden, and Flaten (2004) . Figure 12 shows that PPI increases with decreasing pulse intensities, r(7) ϭ .89, p Ͻ .05. This pattern results from the fact that responding to low-intensity pulses is weaker than that to high-intensity pulses. Therefore, an identical absolute reduction in responding produces a greater proportional decrease (PPI) for weaker pulses than for stronger ones, as expressed by Equation 23. Figure 13 shows that the startle to the pulse decreases as the startle to the prepulses increases, r(6) ϭ .96, p Ͻ .05. Although not indispensable to produce PPI (Swerdlow et al., 2002) , prepulseelicited responses have previously been reported by Dahmen and Corr (2004) and Yee et al. (2004) . Even when in our model prepulse-and pulse-elicited reactivities are generated by the same mechanism, Yee et al. (2004) suggested that they are under the control of different neural systems.
Neurobiology of Acoustic Prepulse Inhibition
The primary acoustic startle circuit that mediates PPI consists of (a) the cochlear root neurons, the caudal pontine reticular nucleus (PNC), and the spinal motor neurons; and another pathway that includes (b) the choclear nuclei, the inferior and superior colliculi, and the pedunculopontine tegmental nucleus (PPT). It is generally accepted that the PPT inhibits the PNC. The circuit that modulates PPI includes the hippocampus, the medial prefrontal cortex, the basolateral amygdala, the nucleus accumbens, the accumbalventral pallidal GABAergic connection, and the subpallidal and accumbal efferents to the PPT. Both mediating and regulatory circuits are described in Figure 14 (see Koch, 1999; Swerdlow & Geyer, 1999) . As shown in Figure 14 , the circuit mediating PPI (below the dashed line) is connected to the circuit modulating PPI (above the dashed line) through GABAergic connections.
A possible mapping of our model onto the brain circuit shown in Figure 14 is as follows. We assume that excitatory and facilitatory pathways, both controlled by exponential functions of the input noise (D 0 ), include the cochlear root nucleus and the PNC. We also assume that the inhibitory pathway, controlled by a linear function the input noise (D 0 ), includes the cochlear nuclei, the inferior and superior colliculli, the PPT, and the PNC.
According to the model, in the excitatory and facilitatory pathway we expect to find neurons showing (a) activity E 2 that is a limited exponential function of the intensity of the input sound expressed in decibels (D 0 ) between a threshold and a maximum firing rate, (b) activity E 3 that is a running average of E 2 , and (c) activity E 4 proportional to the positive values of the difference between of E 2 and E 3 . In addition, the same neurons might show (d) activity E 5 proportional to the intensity of E 4 between a threshold and a maximum firing rate and (e) activity E 6 proportional to and lagging behind E 5 . Following noise changes, E 4 excites the startle response, and E 6 increases and decreases rapidly, thereby determining the amount of facilitation at different lead intervals. Of interest, some evidence (Lee & Moller, 1985) supports the view that activity in the rat cochlea is proportional to an exponential function of the intensity of the sound level of the input expressed in decibels (D 0 ) between a threshold and a maximum firing rate (E 2 ).
Similarly, in the inhibitory pathway we expect to find neurons showing (a) activity L 1 that is a linear function of the input noise expressed in decibels; (b) activity L 3 proportional to the absolute value of the difference between L 1 and its running average, L 2 ; (c) activity L 4 proportional to the intensity of L 3 between a threshold and a maximum firing rate; (d) activity L 5 proportional to and lagging behind L 4 . Following noise changes, L 5 increases and decreases slowly, determining the amount of inhibition at different lead intervals. Notice that L 5 peaks later than E 6 (see Figure 3) , leading to an early facilitation followed by a delayed inhibition. This pattern agrees with that suggested by Swerdlow, Braff, and Geyer (2000, Figure 2 ).
We subsequently apply this mapping to describe the effect of lesions of the PPT on the magnitude of the startle response and PPI.
Experimental data. Swerdlow and Geyer (1993) studied the effect of electrolytic lesions of the PPT on PPI. The extent of the lesion was controlled by the length of time (10 or 20 s) the current was left on. They used a 65-dB background noise; a 118-dB, 40-ms, broadband noise pulse; 70-, 75-, or 80-dB, 20-ms broadband noise prepulse presented 60, 120, or 500 ms before the pulse; and a 15-s intertrial interval. The response was reported as the average recording over 200 ms. The lesions (a) increased the amplitude of the startle to the pulse alone (see Figure 15 , top left panel), (b) impaired PPI at different lead intervals (middle left panel), and (c) impaired PPI at different prepulse intensities (bottom left panel). Some of these effects increased with the extent of the lesions. Of interest, lesions of the PPT did not affect startle habituation. These results support the accepted view (e.g., Fendt et al., 2001; Koch, 1999; Swerdlow & Geyer, 1999) that the PPT inhibits the PPN.
Simulated results. On the basis of the mapping described earlier, lesions of the PPT would result in a decreased value of the inhibitory signal L 5 . Specifically, we assumed that L 5 is reduced to 70% of its normal value for the 10-s lesion and 30% of its normal value for the 20-s lesion. The right panels in Figure 15 show that the model approximates well the results reported by Swerdlow and Geyer (1993) . This is supported by the significant correlation coefficients for the effect of the lesions on (a) the amplitude of the startle to the pulse alone, r(1) ϭ .99, p Ͻ .05; (b) PPI for different lead intervals, r(7) ϭ .92, p Ͻ .05; and (c) PPI with different prepulse intensities, r(7) ϭ .89, p Ͻ .05. According to the model, the increased amplitude of the startle and the decreased values of PPIs with increasing lesion time are the consequence of the decreased value of L 5 . Also, the similarity between experimental data and simulations seems to support our assumption that the pulse inhibits itself (see Figure 3) .
Some differences between data and simulations, however, are worth noting. Although the model correctly describes increasing deficits with increasing lesion sizes, it does not describe the increasing deficits with increasing lead intervals (see Figure 15 , left middle panel). This difference suggests that, in addition to modifying the inhibition, the PPT lesion might be modifying some of the temporal properties of the inhibition. Regarding the effect of the lesion on habituation, in its present form, the model does not describe normal habituation. Finally, notice that even when the model is able to describe the results of the Swerdlow et al. (2002) experiment and the relative values of the startle and PPI in the present experiment, it underestimates by half the magnitude of the inhibition in the present data (cf. the PPI scales on Figure 15 ). This increased PPI observed in sham-lesioned rats, in which the electrode was lowered to a point 1 mm dorsal to the target but no current was applied, might be the consequence of increased fear, which has been reported (Grillon & Davis, 1997) to increase PPI.
Discussion
The research reported in the present article demonstrates that a neural network model is capable of describing several important features of PPI and PPF in animals and humans: (a) PPI increases with prepulse intensity (Hoffman & Searle, 1968) , (b) increased background noise increases the amplitude of the startle response (Hoffman & Fleshler, 1963; Hoffman & Searle, 1968; Hoffman & Wible, 1969) , (c) PPI and PPF depend on the duration of the lead interval (Ison et al., 1998; Plappert et al., 1999; Reijmers & Peeters, 1994b) , (d) PPI can be produced by a decrease in the background noise (Ison et al., 1998; Stitt et al., 1973) , (e) PPI increases with prepulse duration (Blumenthal, 1995; Harbin & Berg, 1983) , and (f) a prepulse does not inhibit the inhibitory power of a pulse (Swerdlow et al., 2002) . Table 1 summarizes these results.
In addition to describing its behavioral properties, the model is able to portray the effect of electrolytic lesions of the PPT, which results in an increased startle response and decreased PPI (Swerdlow & Geyer, 1993) . Finally, the model correctly predicted that percentage of PPI decreases as the pulse intensity increases (Yee et al., 2005) .
Notice that the model correctly addresses data that span from early descriptions of PPI (e.g., Hoffman & Searle, 1968) to the most recent ones (Swerdlow et al., 2002; Yee et al., 2005) . Of importance, these latter results show that the model handles well studies with parameters close to typical values (e.g., 40-ms, 120-dB pulses; 20-ms, 3-, 6-, 12-dB above background prepulses; 65-to 70-dB background noise; 100-ms lead interval), as well as nontypical magnitudes (e.g., 20-ms, 140-dB pulses; 30-dB background noise). However, the use of standardized preparations as proposed by Blumenthal et al. (2005) will greatly help the generation of more accurate predictions.
Even when the model is highly proficient at describing the experimental results listed in Table 1 , in its present form it cannot address some important pieces of data: (a) Hoffman and Wible's (1969) data showing habituation of the startle response, (b) Grillon and Davis's (1997) report showing increased PPI under fear, (c) Reijmers and Peeters's (1994a) reported increase of PPI over days of testing, and (d) Reijmers and Peeters's (1994b) data showing PPF for long lead intervals. Although the first three results would require the incorporation of additional mechanisms to the network, the fourth one could be addressed by extending the facilitatory signal, E 6 , so that it extends beyond the end of the inhibitory signal, L 5 . Under this assumption, for short lead intervals facilitation would prevail and PPF would be present, for medium lead intervals inhibition would predominate and PPI would be present, and for long lead intervals a small facilitation would still exist and PPF would be present.
Only a few alternative models of PPI have been introduced so far. The earliest one, proposed by Hoffman and Ison (1980) , includes an excitatory pathway and an inhibitory pathway to account for PPI. More recently, Leumann, Sterchi, Vollenweider, Ludewig, and Früh (2001) described the acoustic startle reflex and prepulse inhibition in terms of a neural network. The network was evaluated by computer simulations of the response of motor neurons to prepulse and pulse stimuli presented with various lead intervals and prepulse stimulus intensities. This model is able to reproduce basic PPI output patterns including (a) a delayed inhibitory pathway via the PPT to the PNC, (b) a low threshold at or below the PNC, (c) signal amplification in the inhibitory pathway, and (d) prolongation of activity in the inhibitory pathway. The network is capable of describing two basic behavioral properties of PPI, namely, (a) prepulse inhibition as a function of the lead interval and (b) prepulse inhibition as a function of prepulse intensity. In its present form, the Leumann et al. model is not able to address prepulse facilitation and latency facilitation. Our network adopts some of the notions introduced by its predecessors and extends them to account for a wider range of results.
Because the induction of a quantitative model requires using compatible data as a starting point, the assumptions introduced in Figure 15 . Effect of lesions of the pedunculopontine tegmental nucleus (PPTg) on prepulse inhibition. Left: Data from Swerdlow and Geyer (1993) . the model were derived from experimental results in which similar independent variables produced nonconflicting dependent values (Hoffman & Searle, 1968; Plappert et al., 1999; Stitt et al., 1973) . The assumptions are as follows.
1. The startle response is controlled by the positive value of changes in an exponential function of the intensity of the input noise expressed in decibels. Under this assumption, the model correctly describes experimental data showing that the startle response (a) grows as a nonlinear function of the input noise (Hoffman & Searle, 1968) and (b) is elicited by increments, but not decrements, in the background noise (T. D. Blumenthal, personal communication, 2005) . Instead, had a linear function of the intensity of the input been assumed, the model would wrongly predict that increments and decrements of identical absolute value produce responses of the same strength.
2. PPI increases with the absolute value of changes in a linear function of the input noise expressed in decibels. Under this assumption, the model is able to describe experimental results showing that both increments (e.g., Hoffman & Searle, 1968) and decrements (Stitt et al., 1973) in noise intensity produce PPI. In addition, the model properly addresses Hoffman and Searle's data showing that when a 110-dB prepulse almost completely inhibits the startle response to a 140-dB pulse, a 50-dB prepulse also produces some degree of inhibition, a combined result unattainable under the assumption that inhibition is controlled by an exponential function of the input expressed in decibels.
3. Facilitation of the startle is controlled by the positive change in an exponential function of the input noise expressed in decibels. Under this assumption, the model correctly describes experimental data showing facilitation of the startle for short lead intervals and weak prepulses (Plappert et al., 1999) and the fact that facilitation remains constant in the case of decrements in the level of background noise that last until the presentation of the startle stimulus (Stitt et al., 1973) .
The descriptions of the model were confirmed by applying it to the original data. We also found that the model qualitatively depicts Reijmers and Peeters's (1994b) data and quantitatively describes the experimental results presented by Ison et al. (1998) . In addition, we established that the model is able to describe, without any changes, other independent experimental results (Blumenthal, 1995; Swerdlow et al., 2002) . Furthermore, we showed that the model predicts the magnitude of PPI to pulses of different intensities (100, 110, and 120 dB), in the presence of prepulses of different intensities (6, 12, and 18 dB) over a 65-dB background noise, a prediction recently confirmed by Yee et al. (2005) . Other still untested results are also anticipated. Because responding to a pulse is assumed to (a) increase as an exponential function of the difference between the intensity of the pulse and the intensity of the background noise (E 4 ) and (b) decrease as a linear function of the same difference (L 5 ), we expect responding to a given pulse to be an inverted-U function of the background noise expressed in decibels. Finally, besides its behavioral descriptions and predictions, the model correctly describes that electrolytic lesions of the PPT result in increased startle responses and decreased PPIs.
Table 1 Features of Prepulse Inhibition (PPI) and Prepulse Faciliation (PPF) Described by the Neural Network Model
Author Result Hoffman and Searle (1968) PPI increases with prepulse intensity. Hoffman and Searle (1968) Amplitude of startle response increases with increasing background noise. Reijmers and Peeters (1994a) , Plappert et al. (2004) PPI and PPF depend on the duration of the lead interval. Stitt et al. (1973) , Ison et al. (1998) PPI can be produced by a decrease in the background noise. Blumenthal (1995) , Harbin and Berg (1983) PPI increases with prepulse duration. Swerdlow et al. (2002) A prepulse does not inhibit the inhibitory power of a pulse.
